Muscarinic receptors have been implicated in neurological disorders including Alzheimer's disease, Parkinson's disease, and schizophrenia. Nineteen derivatives of thiadiazolyltetrahydropyridine (TZTP), a core that has previously shown high affinities towards muscarinic receptor subtypes, were synthesized and evaluated via in vitro binding assays. The title compound, a fluoro-polyethyleneglycol analog of TZTP (4c), was subsequently labelled with fluorine-18. Fluorine-18-labelled 4c was produced, via an automated synthesis, in an average radiochemical yield of 36% (uncorrected for decay), with high radiochemical purity (>99%) and high specific activity (326 GBq/mmol; end-of-bombardment), within 40 min (n = 3). Ex vivo biodistribution studies following tail-vein injection of [ 18 F]4c in conscious rats displayed sufficient brain uptake (0.4%-0.7% injected dose / gram of wet tissue in all brain regions at 5 min post injection); however, there were substantial polar metabolites present in the brain, thereby precluding future use of [ 18 F]4c for imaging in the central nervous system.
Introduction
Muscarinic acetylcholine receptors (mAChRs) are present in both the peripheral and central nervous system (CNS) and are responsible for mediating the metabotropic effects of acetylcholine. 1 There are 5 distinct subtypes of the muscarinic acetylcholine receptor, M 1 , M 2 , M 3 , M 4 , and M 5 , each having distinct functions and unique distributions in the CNS. 2 The M 1 and M 2 receptors are abundant in the CNS and have postulated roles in Alzheimer's disease and schizophrenia, as well as a range of cognitive disorders. 3, 4 The M 3 and M 5 receptors are present in relatively lower concentrations in the CNS. 3 M 3 receptors have no known correlations with neuropsychiatric disorders, whereas M 5 receptors have been linked to schizophrenia and addictions. 3, 4 The M 4 receptor is present in the CNS, particularly in the cortex, striatum, and hippocampus, 2, 3 and is associated with Parkinson's disease and schizophrenia. 1, 4 The synthesis of subtype-selective drugs that target mAChRs is an ongoing goal in drug development. To date, the only clinically approved drugs that target mAChRs are nonselective antagonists that are used for treating patients suffering from Parkinson's disease.
Applying imaging modalities such as single photon emission computed tomography (SPECT) and positron emission tomography (PET) 5, 6 to elucidate the mechanism of action of new pharmaceuticals targeting muscarinic receptors in vivo has been of long-standing interest. 7 Derivatization of the thiadiazolyltetrahydropyridine (TZTP) core 8 has led to the development of muscarinic subtype-selective PET radiotracers. [9] [10] [11] [12] The M 2 -specific agonist radiotracer, fluorine-18 ( 18 F; t 1/2 = 109.7 min) labelled fluoropropylthio-TZTP ([ 18 F]FP-TZTP), 11, 13, 14 was proven to be selective through knockout mice studies 15, 16 and is currently the only M 2specific radiotracer established for human PET imaging. 17, 18 Fluorine-18-labelled FP-TZTP has been used to study risk factors of ageing [19] [20] [21] and mood disorders. 22, 23 Driven largely by the theory that M 1 receptor density is altered in the brain of patients with Alzheimer's disease in response to the degeneration of the cholinergic pathway, another TZTP derivative, 3-(4-(hexyloxy)-1,2,5-thiadiazol-3yl)-1-methyl-1,2,5,6-tetrahydropyridine (xanomeline), was found to exhibit M 1 /M 4 selectivity. 24 While it was found that xanomeline increased cognitive function of patients with Alzheimer's disease, several side effects precluded its therapeutic use. Carbon-11 ( 11 C; t 1/2 = 20.4 min) labelled xanomeline was evaluated in human subjects 9, 25 and a 18 Flabelled xanomeline derivative was evaluated in rodents 25 but neither radiopharmaceutical was further pursued because of inadequate receptor selectivity.
The present study sought to systematically prepare new muscarinic receptor subtype-specific TZTP analogs for development as PET radiopharmaceuticals. We report the synthesis of hydroxy-and fluoro-alkyl as well as hydroxy-and fluoro-polyethyleneglycol (PEG) ether and thioether analogs of TZTP, and the determination of their in vitro binding affinities (K i ) towards the five muscarinic subtypes, as well as s 1 and s 2 receptors. All analogs synthesized in this work are amenable to labelling with either 18 F or 11 C. A promising fluoro-PEG derivative of TZTP (4c), identified from initial in vitro screening, was radiolabelled with 18 F and evaluated for its potential to image muscarinic receptors in the rodent brain.
Results and discussion

Chemistry
The syntheses of 19 derivatives of TZTP (Table 1) are reported, including previously known compounds (2a, 13 4a, 11, 12 8a, 26 8b, 26 9c, 25 and 10 8 ). Syntheses of the TZTP analogs were carried out by literature procedures with modifications. Thioether-PEG analogs of TZTP, with both fluoro (4) and hydroxyl (2) groups at the terminal position, were synthesized as shown in Scheme 1. To conserve the TZTP core (3-(4-chloro-1,2,5-thiadiazol-3-yl)-1-methyl-1,2,5,6tetrahydropyridine; 1), 8 fluoroalkyl and fluoro-PEG chains were synthesized from the respective diols (5, Scheme 2) for subsequent reactions with 1. The diols were disubstituted with benzyl-protecting and tosyloxy-leaving groups (6) . Nucleophilic displacement of the tosyloxy group of 6 with fluoride resulted in O-benzyl protected fluoroalkyl and fluoro-PEG chains (7) . The hydroxyl analogs (8) were synthesized by reaction of the appropriate diol (5) with 1 (Scheme 3). Scheme 3 shows the synthesis of the desired fluoro-alkyl and fluoro-PEG ether-TZTP analogs (9), prepared by catalytic hydrogenation of 7 and in situ reaction with 1 in the presence of sodium hydride (NaH). Several TZTP derivatives with incorporated PEG groups have been synthesized in attempts to achieve subtype selectivity and improve water solubility, binding affinity, and agonist potency toward mAChRs. 27, 28 The present work further explores the use of PEG groups as a means of expanding the series of TZTP derivatives, by replacing alkyl groups with PEG chains; [ 18 F]fluoro-PEG groups have demonstrated similar pharmacological advantages when incorporated into PET radiopharmaceuticals. 29 In preparation for in vitro binding assay studies, all 19 TZTP analogs synthesized in the present work (Table 1) were characterized by 1 H and 19 F (when applicable) NMR spectroscopy, high resolution mass spectrometry, and elemental analysis (all compounds were >97% pure by elemental analysis).
In vitro binding assays
The thioether-TZTP derivatives (compounds 2 and 4) as well as the ether derivatives (compounds 8-10) were evaluated by the National Institute of Mental Health's Psychoactive Drug Screening Program to determine their binding affinities towards each of the five muscarinic subtypes, as well as towards s 1 and s 2 receptors; the s receptors are known competition sites for ligands targeting mAChRs. 30 In the initial assay, all six thioether-TZTP derivatives (2a-2c and 4a-4c) were measured for affinity towards the aforementioned receptors (Table S1 in the Supplementary data; values in parentheses), and a fluoro-PEG derivative of TZTP with moderate affinity towards the M 4 receptor (4c; K i = 48 nM) was identified. Based on our initial binding assay, we advanced to radiolabelling this compound with fluorine-18, as it represents the first attempt to develop a PET radiotracer for imaging the M 4 receptor and is a novel fluorinated-PEG derivative of TZTP. As such, our goal was to radiolabel the title compound, 4c, with 18 F and evaluate its potential for imaging the CNS via a preliminary ex vivo biodistribution study.
Radiochemistry
The radiosynthetic approach for [ 18 F]4c was similar to our previously reported synthesis for [ 18 F]FP-TZTP, 14 where the appropriate tosyloxy-containing radiolabelling precursor (3c) was subjected to reaction with fluorine-18-labelled potassium cryptand fluoride (K[ 18 F]/K 222 ) in CH 3 CN at 90 8C for 10 min (Scheme 4) followed by HPLC purification (Fig. 1 ). The formulated product was >99% radiochemically pure ( Fig. 2 ) and the log D was experimentally determined to be 1.73 ± 0.01 (pH = 7.4), using a previously reported method. 31 The automated synthesis of [ 18 F]4c resulted in a radiochemical yield of 35.6% ± 15.3% based on [ 18 F]fluoride and uncorrected for decay in a synthesis time of 37 min (n = 3). The specific activity of [ 18 F]4c was 326 ± 198 GBq/mmol (corrected to end-of-bombardment). Fluorine-18-labelled 4c is the first reported 18 F-labelled PEG derivative of TZTP. While the hydroxyl derivatives of TZTP (series 2 and 8) are not amenable to labelling with 18 F, similar compounds have been readily labelled by reaction of the respective desmethyl precursors with [ 11 C]CH 3 I. 9, 12 
Ex vivo biodistribution in rodents
Preliminary ex vivo biodistribution studies using [ 18 F]4c were subsequently carried out in conscious male Sprague-Dawley rats. 32, 33 Fluorine-18-labelled 4c demonstrated fast and efficient uptake in the rodent brain (0.4%-0.7% injected dose / gram of wet tissue in all brain regions at 5 min post injection) following tail-vein injection ( Fig. S1 in the Supplementary data). This uptake was followed by a fast washout, with most of the radioactivity cleared from the brain by 15 min. Radio-HPLC analysis of plasma identified a rapid degradation of the parent compound to both hydrophilic and lipophilic metabolites. At 15 min after injection of [ 18 F]4c only 4.5% of the parent compound was unmetabolized. Analysis of brain homogenates 60 min after injection ( Fig. 3) found that while the parent compound was present in the brain, there was a significant accumulation of radioactive polar metabolites (24%). Owing to the presence of radioactive metabolites in the brain, further studies were not justified because [ 18 F]4c does not present suitable properties for imaging the CNS.
Conclusion
We report the synthesis of 13 new TZTP derivatives that are amenable for radiolabelling with 11 C and (or) 18 F. Com- Table 1 . General structure and TZTP derivatives synthesized. pound 4c was chosen as a lead compound for radiolabelling based on in vitro binding assays and represents the first fluoro-PEG derivative of TZTP. Automated radiosynthesis of [ 18 F]4c was achieved with good radiochemical yields, high specific activity, and excellent radiochemical purity within 40 min. Ex vivo biodistribution studies in rodent models showed appreciable amounts of polar radioactive metabolites in the brain, suggesting that [ 18 F]4c is not suitable for further development as a radiopharmaceutical for imaging the CNS.
Experimental section
General methods
3-Chloro-(pyridine-3-yl)-1,2,5-thiadiazole was purchased from commercial suppliers and was used as received without further purification unless otherwise specified. Compound 1, 3-(3-chloro-1,2,5-thiadiazol-4-yl)-1,2,5,6-tetrahydro-1-methylpyridine, 8 and compound 3a, 3-(4-(1-methyl-1,2,5,6-tetrahydropyridin-3-yl)-1,2,5-thiadiazol-3-ylthio)propyl-4-methylbenzenesulfonate, 14 were prepared by literature procedures. All water used was distilled and deionized and all mobile phases were made with HPLC-grade solvents. Flash column chromatography purification was accomplished using silica gel 60 (63-200 mm, Caledon). Preparative thin-layer chromatography (PTLC) was accomplished using silica gel GF plates (20 cm Â 20 cm, 2000 mm) from Analtech. All new compounds were obtained as oils following purification.
High resolution mass spectrometry (HR-MS) was conducted by the Advanced Instrumentation for Molecular Structure Laboratory or by the Centre for Biological Timing and Cognition at the University of Toronto. Elemental analysis (EA) was performed by the Analytical Laboratory for Environmental Science Research and Training, University of Toronto. Proton and carbon-13 NMR spectra were recorded at 25 8C in CDCl 3 on a Varian Mercury 300 MHz or 400 MHz spectrometer with an autoswitchable H/F/C/P 5 mm probe with gradients. Proton NMR chemical shifts were reported using either tetramethylsilane (TMS, 0.00 ppm) as an internal standard or referencing to the residual proton in CDCl 3 (7.26 ppm). The proton resonances of primary alcohols were often not observed owing to exchange. For 13 C NMR, shifts were referenced to CDCl 3 (77.0 ppm). Fluorine-19 NMR shifts were referenced to external CFCl 3 (0.00 ppm). Tetrabutylammonium fluoride (TBAF) was prepared by evaporation of tetrahydrofuran (THF) from a 1.0 M solution under reduced pressure, and then drying under reduced pressure overnight, as modified from a previously reported literature procedure. 34 THF was freshly distilled over lithium aluminum hydride (LiAlH 4 ).
All animal experiments were carried out under humane conditions, with approval from the Animal Care Committee at the Centre for Addiction and Mental Health and in accordance with the guidelines set forth by the Canadian Council on Animal Care. 
Chemical synthesis
3-(4-(1-Methyl-1,2,5,6-tetrahydropyridin-3-yl)-1,2,5thiadiazol-3-ylthio)propan-1-ol (2a)
Compound 2a was prepared by minor modifications to a literature procedure. 13 Briefly, 250 mg of 1 (1.16 mmol) was dissolved in 3 mL of anhydrous DMF in an oven-dried round-bottomed flask under nitrogen. Li 2 S (2.9 mmol) was added to the mixture with stirring at 60 8C in an oil bath for 5 h. Upon consumption of the starting material, the reaction was cooled to room temperature (RT) and 3-bromopropanol (2.9 mmol) was added, followed by addition of K 2 CO 3 (2.9 mmol). The reaction mixture was stirred at RT for 35 min. Upon completion, the reaction was diluted with ether (50 mL), washed with H 2 O (3 Â 50 mL) and brine (50 mL), dried over NaSO 4 , and concentrated. PTLC purification was performed (20:80 EtOAc:Hex) to yield 217 mg of 2a (69%). 1 H NMR (CDCl 3 , 300 MHz) d: 6.77-6.71 (m, 1H), 3.71 (t, 3 J HH = 5.9 Hz, 2H), 3.45-3.42 (m, 2H), 3.37 (t, 3 J HH = 6.9 Hz, 2H), 3 
2-(2-(4-(1-Methyl-1,2,5,6-tetrahydropyridin-3-yl)-1,2,5thiadiazol-3-ylthio)ethoxy)ethanol (2b)
The general procedure for the synthesis of 2a was followed using 1 (1.16 mmol) in DMF with 2.5 equiv. of Li 2 S, 2.5 equiv. of 2-(2-chloroethoxy)ethanol, and 2.5 equiv. of K 2 CO 3 to give 304 mg of 2b (87%) after PTLC purification. 1 
2-(2-(2-(4-(1-Methyl-1,2,5,6-tetrahydropyridin-3-yl)-1,2,5thiadiazol-3-ylthio)ethoxy)ethoxy)ethanol (2c)
The general procedure for the synthesis of 2a was followed using 1 (1.16 mmol) in DMF with 2.5 equiv. of Li 2 S, 2.5 equiv. of 2-(2-(2-chloroethoxy)ethoxy)ethanol, and 2.5 equiv. of K 2 CO 3 . After PTLC purification, 2c was obtained in a 95% yield (542 mg). 1 
2-(2-(4-(1-Methyl-1,2,5,6-tetrahydropyridin-3-yl)-1,2,5thiadiazol-3-ylthio)ethoxy)ethyl 4-methylbenzenesulfonate (3b)
Compound 3b was made by an analogous procedure to that of compound 3a. 14 Briefly, 267 mg (0.89 mmol) of 2b was dissolved in 8 mL of CH 2 Cl 2 followed by the addition of 1.5 equiv. of p-toluenesulfonyl chloride (TsCl), 3 equiv. of triethylamine (TEA), and a catalytic amount of dimethy-laminopyridine (DMAP; 1 mol%). Compound 3b was obtained in an 86% yield (348 mg). 1 (2-(4-(1-Methyl-1,2,5,6-tetrahydropyridin-3-yl)-1,2 
2-(2-
,5thiadiazol-3-ylthio)ethoxy)ethoxy)ethyl 4methylbenzenesulfonate (3c)
Compound 3c was made by an analogous procedure to that of compound 3a. 14 
3-(4-(3-Fluoropropylthio)-1,2,5-thiadiazol-3-yl)-1-methyl-1,2,5,6-tetrahydropyridine (4a)
Compound 4a was prepared by modifications to the literature procedures. 11, 13 To an oven-dried round-bottomed flask containing 4.9 mmol TBAF (dried under reduced pressure overnight) was added 10 mL of freshly distilled THF, followed by 0.33 mmol of 3a. The reaction was refluxed for 3 h and then diluted with 50 mL H 2 O and washed with 50 mL of EtOAc (Â2). The combined organic layer was washed with 50 mL of brine, dried over Na 2 SO 4 , and concentrated. The product was purified using PTLC (7:93 MeOH:CH 2 Cl 2 ) to yield 37 mg of 4a (36%). 1 
3-(2-(2-Fluoroethoxy)ethylthio)-4-(1-methyl-1,2,5,6tetrahydropyridin-3-yl)-1,2,5-thiadiazole (4b)
Compound 4b was prepared in an analogous manner to that of 4a. Briefly, 0.3 mmol of 3b in THF was reacted with 5 equiv. of TBAF. 4b was obtained in a 33% yield (36 mg). 1 (2-(2-Fluoroethoxy)ethoxy)ethylthio)-4-(1-methyl-1,2,5,6-tetrahydropyridin-3-yl)-1,2,5-thiadiazole (4c) Compound 4c was prepared in an analogous manner to that of 4a. Briefly, 150 mg (0.3 mmol) of 3c was used in THF (0.1 M) with 5 equiv. of TBAF. 4c was obtained in a 29% yield (31 mg). 1 
3-(2-
3-(Benzyloxy)propyl-4-methylbenzenesulfonate (6a)
To an oven-dried round-bottomed flask under an atmosphere of N 2 was added propane-1,3-diol (5a, 0.11 mol), 1.4 mL (0.01 mol) of benzyl bromide, and KOH (0.02 mol, neat). The reaction proceeded at RT. Upon consumption of benzyl bromide (monitored by TLC, 40:60 EtOAc:Hex), the reaction mixture was diluted with 50 mL of H 2 O and washed with CH 2 Cl 2 (50 mL Â 2). The combined organic layers were washed with 50 mL of brine, dried over Na 2 SO 4 , and concentrated. CH 2 Cl 2 (50 mL) was added and the mixture was cooled on ice. Triethylamine (0.05 mol) and DMAP (1 mol%) were added. After 10 min of stirring, 0.03 mol of TsCl was added and the reaction proceeded until completion, as monitored by TLC (40:60 EtOAc:Hex). The mixture was then cooled on ice, diluted with 100 mL H 2 O, and washed with dichloromethane (100 mL Â 2). The combined organic layers were washed with 100 mL of brine, dried over Na 2 SO 4 , and concentrated. The final product was purified by flash chromatography (40:60 EtOAc:Hex) to yield 2.40 g of 6a (75%). 1 
5-(Benzyloxy)pentyl-4-methylbenzenesulfonate (6b)
Compound 6b was prepared in an analogous manner to that of 6a. Briefly, 0.07 mol of pentane-1,5-diol (5b), 0.02 mol of benzyl bromide, and 0.055 mol of KOH were used. Following the workup of the reaction mixture, 10 mL of dichloromethane, 0.07 mol of triethylamine, catalytic DMAP (1 mol%), and 0.035 mol of TsCl were reacted and purified (vide supra). Compound 6b was obtained in a 65% yield (4.54 g). 1 
6-(Benzyloxy)hexyl-4-methylbenzenesulfonate (6c)
Compound 6c was prepared in an analogous manner to that of 6a. Briefly, 0.06 mol of hexane-1,6-diol (5c), 0.02 mol of benzyl bromide, and 0.055 mol of KOH were used. Following the workup, 10 mL of dichloromethane, 0.07 mol of triethylamine, DMAP (1 mol%), and 0.04 mol of TsCl were reacted and purified (vide supra). Compound 6c was obtained in a 61% yield (4.40 g). 1 
7-(Benzyloxy)heptyl-4-methylbenzenesulfonate (6d)
Compound 6d was prepared in an analogous manner to that of 6a. Briefly, 0.02 mol of hexane-1,6-diol (5d), 0.008 mol of benzyl bromide, and 0.015 mol of KOH were used. After workup, 8 mL of CH 2 Cl 2 , 0.025 mol of triethylamine, DMAP (1 mol%), and 0.02 mol of TsCl were reacted and purified (vide supra). 6d was obtained in a 69% yield (2.06 g). 1 
2-(2-(Benzyloxy)ethoxy)ethyl-4-methylbenzenesulfonate (6e)
Compound 6e was prepared in an analogous manner to that of 6a. Diethyleneglycol (5e; 0.03 mol), 0.008 mol of benzyl bromide, and 0.03 mol of KOH were used. After workup, 20 mL of dichloromethane, 0.02 mol of triethylamine, DMAP (1 mol%), and 0.07 mol of TsCl were reacted and purified (vide supra). Compound 6e was obtained in a 43% yield (1.24 g). 1 
2-(2-(2-(Benzyloxy)ethoxy)ethoxy)ethyl-4methylbenzenesulfonate (6f)
Compound 6f was prepared in an analogous manner to that of 6a. Briefly, 0.04 mol of diethyleneglycol (5f), 0.01 mol of benzyl bromide, and 0.04 mol of KOH were used. Following the workup, 20 mL of dichloromethane, 0.02 mol of triethylamine, DMAP (1 mol%), and 0.06 mol of TsCl were reacted and purified (vide supra). Compound 6f was obtained in a 35% yield (1.40 g). 1 
((3-Fluoropropoxy)methyl)benzene (7a)
To a glass vial (Biotage) under an atmosphere of N 2 containing 0.02 mol of TBAF (dried under reduced pressure overnight) was added 20 mL of freshly distilled THF followed by 500 mg (1.6 mmol) of 6a. The reaction was sealed and microwave heated for 1 h at 160 8C. THF was removed under reduced pressure and the resulting product was dissolved in 50 mL of EtOAc and washed with 50 mL of H 2 O. The aqueous layer was washed a second time with 50 mL of EtOAc and the combined organic layers were washed with 50 mL of brine, dried over Na 2 SO 4 , and concentrated. The product was purified by flash chromatography (30:70 EtOAc:Hex (v/v)) to yield 179 mg of 7a (68%). 1 
((5-Fluoropentyloxy)methyl)benzene (7b)
Compound 7b was prepared in an analogous manner to that of 7a, where 0.02 mol of TBAF and 1.4 mmol of 6b were used in 20 mL of THF. Compound 7b was obtained in a 70% yield (198 mg). 1 
((6-Fluorohexyloxy)methyl)benzene (7c)
Compound 7c was prepared in an analogous manner to that of 7a, where 0.02 mol of TBAF and 1.4 mmol of 6c were used in 20 mL of THF. Compound 7c was obtained in a 72% yield (209 mg). 1 
((7-Fluoroheptyloxy)methyl)benzene (7d)
Compound 7d was prepared in an analogous manner to that of 7a, where 0.02 mol of TBAF and 1.3 mmol of 6d were used in 20 mL of THF. Compound 7d was obtained in an 85% yield (251 mg). 1 
((2-(2-Fluoroethoxy)ethoxy)methyl)benzene (7e)
Compound 7e was prepared in an analogous manner to that of 7a, where 0.02 mol of TBAF and 1.4 mmol of 6e were used in 20 mL of THF. Compound 7e was obtained in a 91% yield (252 mg). 1 2-(2-(2-Fluoroethoxy) 
ethoxy)ethoxy)methyl)benzene (7f)
Compound 7f was prepared in an analogous manner to that of 7a, where 0.02 mol of TBAF and 1.3 mmol of 6f were used in 20 mL of THF. Compound 7f was obtained in a 90% yield (273 mg). 1 (1-Methyl-1,2,5,6-tetrahydropyridin-3-yl)-1,2,5thiadiazol-3-yloxy)propan-1-ol (8a) To an oven-dried round-bottomed flask under an atmosphere of N 2 , 1.16 mmol of propane-1,3-diol (5a) was added to 2.5 mL of freshly distilled THF. To the reaction mixture was added 0.92 mmol of 60% NaH, and the mixture was stirred at RT for 30 min. Compound 1 (0.23 mmol) was added and the reaction was refluxed overnight. The reaction mixture was diluted with 30 mL of H 2 O and washed with 30 mL of CH 2 Cl 2 (Â2). The combined organic layers were then washed with 40 mL of brine, dried over Na 2 SO 4 , and concentrated. The product was purified by PTLC (30:70 EtOAc:Hex (v/v)) and 8a was obtained in a yield of 25.2 mg (43%). 1 (4-(1-Methyl-1,2,5,6-tetrahydropyridin-3-yl)-1,2,5 
3-(4-
4-
thiadiazol-3-yloxy)butan-1-ol (8b)
Compound 8b was prepared in an analogous manner to that of 8a, where 1.15 mmol of butane-1,4-diol (5b), 0.92 mmol of 60% NaH, and 0.23 mmol of 1 in 2.5 mL of freshly distilled THF were used. Compound 8b was obtained in a 48% yield (30 mg). 1 (4-(1-Methyl-1,2,5,6-tetrahydropyridin-3-yl)-1,2,5thiadiazol-3-yloxy)pentan-1-ol (8c) Compound 8c was prepared in an analogous manner to that of 8a, where 1.15 mmol of pentane-1,5-diol (5c), 0.92 mmol of 60% NaH, and 0.23 mmol of 1 in 2.5 mL of freshly distilled THF were used. Compound 8c was obtained in a 34% yield (22 mg). 1 (4-(1-Methyl-1,2,5,6-tetrahydropyridin-3-yl)-1,2,5thiadiazol-3-yloxy)hexan-1-ol (8d) Compound 8d was prepared in an analogous manner to that of 8a, where 1.15 mmol of hexane-1,6-diol (5d), 0.92 mmol of NaH (60% in mineral oil), and 0.23 mmol of 1 in 2.5 mL of freshly distilled THF were used. Compound 8d was obtained in a 25% yield (17 mg). 1 (2-(4-(1-Methyl-1,2,5,6-tetrahydropyridin-3-yl)-1,2,5 
5-
6-
2-
thiadiazol-3-yloxy)ethoxy)ethanol (8e)
Compound 8e was prepared in an analogous manner to that of 8a, where 0.084 mmol of diethyleneglycol (5e), 0.42 mmol of 60% NaH, and 0.46 mmol of 1 in 3 mL of freshly distilled THF were used. Compound 8e was obtained in a 74% yield (89 mg). 1 (2-(2-(4-(1-Methyl-1,2,5,6-tetrahydropyridin-3-yl)-1,2,5thiadiazol-3-yloxy) 
2-
ethoxy)ethoxy)ethanol (8f)
Compound 8f was prepared in an analogous manner to that of 8a, where 0.084 mmol of diethyleneglycol (5f), 0.42 mmol of 60% NaH, and 0.46 mmol of 1 in 3.0 mL of van Oosten et al.
freshly distilled THF were used. 8f was obtained in a 65% yield (81 mg). 1 3-(3-Fluoropropoxy)-4-(1-methyl-1,2,5,6-tetrahydropyridin-3-yl)-1,2,5-thiadiazole (9a) To an oven-dried round-bottomed flask under an atmosphere of N 2 containing 3 mL of freshly distilled THF was added 0.5 mmol of 7a followed by 10 mg each of Pd/C and Pd(OH) 2 . The reaction vessel was purged with H 2 (g) and maintained under an atmosphere of H 2 (g) for 2 h while stirring vigorously. Upon consumption of the starting material as monitored by TLC (60:40 EtOAc:Hex (v/v)), the reaction mixture was purged with N 2 and cooled in an ice bath, and 1.0 mmol of NaH (60% in mineral oil) was added. The mixture was stirred for 30 min at RT followed by the addition of 0.2 mmol of 1. The reaction mixture was subsequently refluxed overnight. Upon consumption of the starting material, the reaction was filtered through celite and the THF was removed under reduced pressure. The product was dissolved in 30 mL of CH 2 Cl 2 and washed with 30 mL of H 2 O, and the aqueous layer was further extracted with 30 mL of CH 2 Cl 2 . The combined organic layers were washed with 30 mL of brine, dried over Na 2 SO 4 , and concentrated. The product was purified by PTLC (60:40 EtOAc:Hex (v/v)) to yield 21 mg 9a (41%). 1 
3-(5-Fluoropentyloxy)-4-(1-methyl-1,2,5,6tetrahydropyridin-3-yl)-1,2,5-thiadiazole (9b)
Compound 9b was prepared in an analogous manner to that of 9a, where 0.4 mmol of 7b was used followed by 1.4 mmol of 60% NaH and 0.23 mmol of 1. Compound 9b was obtained in a 29% yield (19 mg Fluorohexyloxy)-4-(1-methyl-1,2,5,6tetrahydropyridin-3-yl)-1,2,5-thiadiazole (9c) Compound 9c was prepared in an analogous manner to that of 9a, where 0.4 mmol of 7c was used followed by 1.4 mmol of 60% NaH and 0.23 mmol of 1. Compound 9c was obtained in a 39% yield (27 mg 3-(7-Fluoroheptyloxy)-4-(1-methyl-1,2,5,6tetrahydropyridin-3-yl)-1,2,5-thiadiazole (9d) Compound 9d was prepared in an analogous manner to that of 9a, where 0.4 mmol of 7d was used followed by 1.4 mmol of 60% NaH and 0.23 mmol of 1. Compound 9d was obtained in a 35% yield (25 mg (1-methyl-1,2,5,6tetrahydropyridin-3-yl)-1,2,5-thiadiazole (9e) Compound 9e was prepared in an analogous manner to that of 9a, where 0.4 mmol of 7e was used followed by 1.4 mmol of 60% NaH and 0.23 mmol of 1. Compound 9e was obtained in a 45% yield (30 mg). 1 
3-(6-
3-(2-(2-Fluoroethoxy)ethoxy)-4-
3-(2-(2-(2-Fluoroethoxy)ethoxy)ethoxy)-4-(1-methyl-1,2,5,6-tetrahydropyridin-3-yl)-1,2,5-thiadiazole (9f)
Compound 9f was prepared in an analogous manner to that of 9a, where 0.4 mmol of 7f was used followed by 1.4 mmol of 60% NaH and 0.23 mmol of 1. Compound 9f was obtained in a 62% yield (46 mg). 1 4-(1-methyl-1,2,5,6-tetrahydropyridin-3-yl)-1,2,5-thiadiazole (10) To an oven-dried round-bottomed flask, 71 mg (0.7 mmol) of 1-hexanol was added to 3 mL of freshly distilled THF. To the reaction mixture was added 34 mg (1.4 mmol) of 95% NaH, and the mixture was allowed to stir at RT for 30 min. Compound 1 (0.35 mmol) was subsequently added and the reaction was refluxed overnight. The reaction was diluted with 30 mL of H 2 O and washed with 30 mL of CH 2 Cl 2 (Â2). The combined organic layers were then washed with 40 mL of brine, dried over Na 2 SO 4 , and concentrated. The product was purified by PTLC (30:70 EtOAc:Hex (v/v)) and 9 was obtained in a yield of 58 mg (60%). 1 (1-methyl-1,2,5,6tetrahydropyridin-3-yl)-1,2,5-thiadiazole ([ 18 F] 
3-(Hexyloxy)-
Radiochemical synthesis
Synthesis of [ 18 F]-3-(2-(2-(2fluoroethoxy)ethoxy)ethylthio)-4-
4c)
A Scanditronix MC 17 cyclotron was used for [ 18 F]fluoride production and the radiosynthesis was carried out via general automated methods using a GE FX FN radiofluorination module as previously reported in detail by our laboratory for the synthesis of [ 18 F]4a, 14 with only minor modifications.
Briefly, to a reaction vessel containing reactive [ 18 F]fluoride was added 3 mg of 3c dissolved in 500 mL of CH 3 CN. The reaction mixture was heated to 90 8C for 10 min, and the reaction was quenched with 500 mL of H 2 O. The reaction mixture was then purified via semipreparative HPLC (20:80 CH 3 CN:H 2 O + 0.1 N ammonium formate + 1% formic acid (pH 4), Semi-Prep LUNA C18(2) (250 mm Â 10 mm, 10 mm, l = 254 nm)) at 6 mL/min. The major radiochemical peak (t R = 13 min) was collected and formulated as previously described. 14 The formulated product was analyzed by HPLC (30:70 CH 3 CN:H 2 O + 0.1 N ammonium formate, Prodigy C18 ODS Prep column (250 mm Â 4.6 mm, 10 mm, l = 254 nm)) at a flow of 3 mL/min. HPLC analysis of formulated [ 18 F]4c revealed high radiochemical (>99%) purities. Coinjection of the radioactive product with an authentic standard of 4c under several different HPLC conditions (solvents, pH, wavelength; see Table S2 in the Supplementary data) with different analytical columns further established the identity of the radiotracer. Specific activity was calculated at the end of synthesis from the formulated product and was determined by integration of the UV peak of an analytical HPLC chromatogram in comparison with standard solutions containing known concentrations of 4c.
Ex vivo biodistribution
Ex vivo biodistribution studies in conscious male Sprague-Dawley rats were conducted as previously described by our group. 32, 33 All rats received *2.6 MBq of [ 18 F]4c in 0.3 mL of buffered saline via the tail vein and were sacrificed by decapitation at either 5, 15, 30, or 60 min after injection (n = 1 per time point). The brains were removed and regions of interest (striatum, thalamus, hypothalamus, hippocampus, frontal cortex, rest of cortex, cerebellum, rest of brain, as well as whole blood from the trunk, bone, and heart) were excised, blotted, weighed, and then counted for radioactivity ( Fig. 3) .
Metabolism studies
Following tail-vein injection of [ 18 F]4c as described above, whole blood was collected at various time points from the trunk in a heparinized tube and centrifuged, and the plasma was separated for metabolite analysis by HPLC via the method of Hilton et al., 35 with minor modifications. Briefly, rat plasma from each time point was directly loaded onto a 5 mL HPLC injector loop and injected onto a capture column (4.6 mm Â 20 mm) that was packed in-house with OASIS HLB 30 mm (Waters, New Jersey). The capture column was eluted with 1% aqueous CH 3 CN (2 mL/min) for 3 min and then back-flushed (19:81 CH 3 CN:H 2 O + 0.1 N ammonium formate, 2.0 mL/min) onto a Phenomenex 10 mm Luna C18 column (250 mm Â 4.6 mm). The column effluents from both columns were monitored through a flow detector (Bioscan Flow-Count) operated in coincidence mode. Whole brain removed from a control rat and treated with *1 MBq of [ 18 F]4c and whole brain removed from a rat sacrificed at 60 min after injection of [ 18 F]4c in the tail vein were individually homogenized with ice-cold 80% ethanol and centrifuged as previously described by our laboratory, 36 prior to radio-HPLC analysis of the supernatant using the aforementioned method.
